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(57) ABSTRACT

A heating module (1) for an exhaust-gas purification system
connected to the outlet of an internal combustion engine
comprises a catalytic burner, with an HC injector (14) and
with an oxidation catalytic converter (12) positioned down-
stream of the HC injector (14) in the flow direction of the
exhaust gas, for supplying thermal energy to an exhaust-gas
purification unit of the exhaust-gas purification system. It is
provided here that the heating module (1) has a main section
(2), a secondary section (3) which comprises the catalytic
burner (12, 14), and a device (4, 5) for controlling the exhaust-
gas mass flow flowing through the secondary section (3). Ina
first embodiment, the main section (2) has, in the inlet region
or the heating module (1), an overtlow pipe portion (6) which
has overflow openings (7), between which overflow diverting
chambers (8) is situated, parallel to the main section (2) of the
heating module (1), the secondary section portion (11) with
the oxidation catalytic converter (12). In another embodi-
ment, it is provided that the secondary section (3) has, at the
inlet side and outlet side, in each case one diverting chamber
(8) which extends in the radial direction from the main section
(2), between which diverting chambers (8) is situated, parallel
to the main section (2) of the heating module (1), the second-
ary section portion (11) with the oxidation catalytic converter
a2).

20 Claims, 6 Drawing Sheets
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HEATING MODULE FOR AN EXHAUST-GAS
PURIFICATION SYSTEM

BACKGROUND

The invention relates to a heating module for an exhaust-
gas purification system connected to the outlet of an internal
combustion engine. The heating module comprises a catalytic
burner, an HC injector and an oxidation catalytic converter
positioned downstream of the HC injector in the flow direc-
tion of the exhaust gas. The oxidation catalytic converter
supplies thermal energy to an exhaust-gas purification unit of
the exhaust-gas purification system. The heating module has
a main section, a secondary section which comprises the
catalytic burner, and a device for controlling the exhaust-gas
mass flow flowing through the secondary section.

Internal combustion engines today, diesel engines in par-
ticular, comprise control units that are connected in the
exhaust gas system in order to reduce harmful or undesired
emissions. Such a control unit can be, for example, an oxida-
tion catalytic converter, a particle filter and/or a selective
catalytic reduction (SCR) stage. A particle filter is used to
collect soot particles discharged by the internal combustion
engine. The soot that is present in the exhaust gas accumulates
on the upstream side surface of the particle filter. In order to
prevent an excessive increase in the exhaust gas counter pres-
sure during the course of the successive soot accumulation
and/or to prevent the risk of clogging the filter, a regeneration
process is triggered when the soot load of the particle filter
reaches a sufficient level. In such a regeneration process, the
soot that accumulates on the filter is burnt off (oxidized).
After the completion of such a soot oxidation, the particle
filter is regenerated. Only a noncombustible ash residue
remains. For a soot oxidation to occur, the soot must be at a
certain temperature. As a rule, this temperature is approxi-
mately 600° C. The temperature at which such a soot oxida-
tion starts can be lower, for example, if the oxidation tem-
perature has been reduced by an additive or by providing
NO,. If the soot is at a temperature which is below its oxida-
tion temperature, then thermal energy is required to trigger
the regeneration process. An active regeneration can be
started using engine-internal measures, by changing the com-
bustion process so that the exhaust gas is discharged at a
higher temperature. In numerous applications, particularly in
the non-road field, post-engine measures are preferable in
order to produce an active regeneration. In many cases, it is
not possible in the context of exhaust emission control to have
an influence on the engine-based measures.

DE 20 2009 005 251 Ul discloses an exhaust emission
control unit, wherein, for the purpose of actively producing
the regeneration of a particle filter, the exhaust gas system is
divided into a main exhaust gas system and a secondary
exhaust gas system. These two systems form a heating mod-
ule. A catalytic burner is connected in the secondary system.
The catalytic burner heats and subsequently merges the par-
tial exhaust gas flow flowing through the secondary system
with the partial exhaust gas flow flowing through the main
system. In this manner, the mixed exhaust gas mass flow is at
a clearly higher temperature. The increase in the temperature
of the exhaust gas flow heats the soot accumulated on the
upstream side of the particle filter to a sufficient temperature
to trigger the regeneration process. An oxidation catalytic
converter having an upstream hydrocarbon injection, which is
located in the secondary system, is used as catalytic burner.
An exhaust flap controls the exhaust gas mass flow flowing
through the secondary system. The exhaust flap sets the cross-
sectional area that allows free flow in the main system. An

10

15

20

25

30

35

40

45

50

55

60

65

2

electrothermal heating element is connected upstream of the
oxidation catalytic converter. The electrothermal heating ele-
ment heats the oxidation catalytic converter to its light-off
temperature—namely the temperature at which the desired
exothermic HC conversion starts to occur on the catalytic
surface. The electrothermal heating element is activated when
the oxidation catalytic converter has to be heated to its light-
off temperature. This document also describes that the cata-
lytic burner connected in the secondary system can be over-
sprayed in order to feed hydrocarbons to a second oxidation
catalytic converter directly upstream of the particle filter, so
that these hydrocarbons can react with the same exothermic
reaction on the catalytic surface of this second oxidation
catalytic converter. In this manner, a two-step heating of the
exhaust gas can be carried out in this previously known emis-
sion control installation. The exhaust gas flowing out of the
second oxidation catalytic converter is then at the required
temperature in order to heat the soot accumulated on the
upstream side of the particle filter sufficiently so that the soot
oxidizes.

Similarly, it can be desirable to increase the temperature of
other exhaust emission control units, for example, of an oxi-
dation catalytic converter or of an SCR stage, in order to bring
the latter more rapidly to their operating temperature.

SUMMARY

The problem to be solved is to further develop a more
compact heating module for an exhaust-gas purification sys-
tem.

This problem is solved according to the present disclosure
by modifying a heating module to include an overflow pipe
section comprising overflow openings in the main section in
the inlet area of the heating module. The overflow openings
establish a flow connection between the main section and the
secondary section.

Inaheating module according to the present disclosure, the
branch into the secondary section is formed by an overflow
pipe section. In one embodiment, the opening of the second-
ary section into the main section is also formed by an overflow
pipe section. The overflow pipe section has overflow open-
ings, which are introduced into the pipe forming the overflow
pipe section. Therefore, the exhaust-gas flow which will
travel through the secondary section, either entirely or par-
tially, exits the main section and enters the secondary section
in the radial direction via the overflow pipe section. The
overflow pipe section is located on the inlet side of the sec-
ondary section. The design of the inlet into the secondary
section using overflow pipe sections allows a branch to be
formed. The branch is a portion of the secondary section at a
right angle to the main flow direction of the exhaust gas. The
outlet-side connection of the secondary section to the main
section can be formed in the same manner. In an alternate
embodiment, the main section and the secondary section open
into a mixing chamber. The mixing chamber is located in the
axial direction and thus in the main flow direction of the
exhaust gas. In these designs, the longitudinal extent of the
secondary section with the catalytic burner can be limited
substantially to the necessary length of the oxidation catalytic
converter. If, in addition, an electrothermal heating element
positioned upstream of the oxidation catalytic converter in the
flow direction is associated with the catalytic burner, the
length of the secondary section can be limited practically to
the required length of the oxidation catalytic converter and of
the heating element positioned upstream with respect to said
catalytic converter. In the depicted embodiment, the second-
ary section branches out of the main section at a right angle,
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comprising a 90-degree deflection, in order to lead the
exhaust-gas flow into a secondary section extending parallel
to the main section. The deflection is typically located near
the longitudinal axis of the secondary section portion with the
oxidation catalytic converter so that the HC injector can be
located in the area of the deflection. In particular, the HC
injector is located in such a manner that its spray cone is
directed upstream frontally onto the oxidation catalytic con-
verter, or, if an electrothermal heating element is positioned
upstream of said converter, the spray cone is directed onto the
heating element. As a result of the foregoing arrangement, no
additional space is required in the longitudinal dimension of
the heating module for the required flow distance to form the
spray cone of the HC injector. In the depicted embodiment,
the depth of the deflection is used for the formation of the
spray cone.

It is particularly advantageous to use a design in which the
heating module comprises an electro thermal heating element
positioned upstream of the oxidation catalytic converter. In
such design, the heating element can be used to evaporate the
fuel introduced via the HC injector into the secondary section
before the fuel is supplied to the catalytic surface of the
oxidation catalytic converter. Consequently, in such a design,
a minimum flow distance is required between the HC injector
or its injector nozzle and the oxidation catalytic converter.
Here, the required flow distance is used not as a processing
section, but most predominantly for the purpose of forming a
spray cone, so that the entire, or largely the entire, upstream
surface of the heating element is located in the area of the
spray cone. Here, the spray cone is typically adjusted so that
it is preferably supplied only to the upstream surface of the
heating element and not, or at most only secondarily, to wall
sections of the secondary section portion positioned upstream
in the flow direction.

The overflow pipe section either surrounds the secondary
section or is enclosed by the secondary section and extends
away therefrom, depending on the design of the heating mod-
ule. The design of the inlet-side main section branch through
an overflow pipe section allows the formation of numerous
overflow openings which are distributed preferably uni-
formly over the circumference of the overflow pipe section.
The design of the overflow openings and their arrangement
should be selected preferably so that the exhaust-gas flow into
the secondary section is distributed as uniformly as possible.
The aim is to expose the oxidation catalytic converter
arranged in the secondary section or, if present, the electro-
thermal heating element positioned upstream of said con-
verter, to the most uniform possible flow over the cross-
sectional area of the secondary section. In principle, it is also
possible to use a design in which the overflow openings
extend only over a portion of the jacket surface of the over-
flow pipe section, for example, only over 180 degrees. Inde-
pendently of the above-described design of the overflow pipe
section, it is advantageous if the cross-sectional area of the
overflow openings in total is slightly larger than the cross-
sectional area of the main section in the area of the overflow
pipe section. As a result, the exhaust-gas counterpressure that
occurs in the secondary section due to the required inserts can
bekept low. According to an exemplary embodiment, the total
of'the cross-sectional areas of the overflow openings is 1.2 to
1.5 times larger than the cross-sectional area of the overflow
pipe. A cross-sectional area ratio of approximately 1.3 is
particularly advantageous, in order not to have an excessively
disadvantageous influence on the flow behavior through the
two sections—the main section and the secondary section.

The design of the connection of the secondary section via
overflow pipe sections allows the exhaust-gas to undergo only
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a minimal and thus negligible exhaust-gas counter pressure
buildup at the branches as it flows through the main section of
the heating module. This result is achieved by corresponding
the dimensions of the overflow openings, in particular with
regard to their number and their diameter, with the dimen-
sions of the overflow pipe.

The overflow pipe limits the main section, depending on
the design of the heating module and its location on the
outside or inside. In the first embodiment, the exhaust gas is
led in the radial direction outward from the main section into
the secondary section. The oxidation catalytic converter and
optional heating element positioned upstream of said con-
verter are located in a pipe arranged parallel to the main
section, as secondary section. According to a second embodi-
ment, the secondary section is located inside the main section,
preferably in a concentric arrangement relative to the main
section. The transition from the main section to the secondary
section in this design occurs in the radial direction toward the
interior. In an embodiment where the secondary section with
the catalytic burner is located inside the main section both the
exhaust-gas flowing through the secondary section and some
exhaust-gas flowing through the main section are heated dur-
ing the operation of the catalytic burner in the secondary
section. This occurs because exhaust-gas flowing through the
main section flows past the outer jacket surface of the sec-
ondary section containing the catalytic burner. Thus, no addi-
tional heat loss needs to be tolerated. Moreover, the tempera-
ture difference between the exhaust-gas flowing out of the
secondary section and the exhaust-gas flowing through the
main section is less when the two streams are merged, which
in turn produces an advantageous effect on rapid mixing, and
the resulting temperature uniformity achieved in the total
exhaust-gas flowing in the connection to the outlet of the
secondary section.

The exhaust-gas flow led through the secondary section
can return into the main flow analogously to the entrance at
the inlet of the secondary section via a second overflow pipe
section comprising overflow openings. The foregoing expla-
nations regarding the inlet-side overflow pipe apply equally
to the overtlow pipe section on the outlet side of the secondary
section. The introduction of the exhaust-gas flow flowing out
of the secondary section into the main section, or into the
exhaust-gas flow flowing through the latter main section,
ensures a particularly effective mixing of the two exhaust-gas
flows over a very short distance. Stated differently, the mixed
exhaust-gas flow has a very uniform temperature distribution
relative to its cross-sectional area after a very short flow
distance beyond the outlet-side overflow pipe.

In an exemplary embodiment where the secondary section,
which includes the oxidation catalytic converter and the elec-
trothermal heating element upstream of said converter,
extends parallel to the main section, the fluid connection
between the main section and the secondary section is
achieved by overflow deflection chambers. Said chambers
contact the main section through an overflow pipe section.
The secondary section with its inserts is separately connected
to the overtflow deflection chambers. The overflow deflection
chambers constitute a portion of the secondary section. Such
an embodiment allows for the diameter of the secondary
section with its inserts to be greater than the diameter of the
main section. Accordingly, an oxidation catalytic converter
having a correspondingly large diameter can be connected in
such a secondary section. Here, it is understood that, the
greater the cross-sectional area of the oxidation catalytic con-
verter is, the shorter said converter can be in terms of its
length, and still function at equal volume. This creates not
only the possibility of designing the heating module so that its
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construction is accordingly shorter in length, but also reduces
the counter pressure and the conversion rate, and thus the
temperature stress on the oxidation catalytic converter.

In principle, the advantages are the same, with the excep-
tion of the mentioned overflow pipe sections, in a heating
module in which the secondary section has a deflection cham-
ber on each of the input side and the output side that extends
in a radial direction from the main section. In this embodi-
ment, the secondary section with the oxidation catalytic con-
verter is located between the deflection chambers, parallel to
the main section of the heating module. The foregoing
arrangement constitutes an additional solution of the problem
that is the basis of this disclosure.

In one embodiment, the deflection chambers are formed
from assembling two metal plate parts formed by deep draw-
ing. The design of the fluid connections between the second-
ary section, including the oxidation catalytic converter and
the electro thermal heating element, with the main section
through the foregoing deflection chambers allows for the
described deflection chambers. This design allows the use of
identical parts for the inlet-side and outlet-side deflection
chambers, at least with regard to a pre-manufacturing step.
The openings for the deflection chamber parts can differ from
each other after this premanufacturing step for the connection
of, for example, sensors, or, for example, an HC injector. In
principle, the external deflection chamber parts can also be
identical. It is only in the case of the external deflection
chamber part located on the inlet-side that connection means
for attaching the HC injector are typically provided. Accord-
ing to an exemplary embodiment, this inlet-side deflection
chamber part has an injector opening with a neck which is
crimped outward, to which the HC injector is attached. This
inlet-side deflection chamber part can be manufactured iden-
tically to the external deflection chamber part of the outlet-
side deflection chamber. The HC injector opening is then
produced by an additional process step to the inlet-side
deflection chamber.

Additional advantages and advantageous embodiments of
the invention can be obtained in the following description of
an embodiment example in reference to the appended figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1: shows a diagrammatic elevation and inside view of
aheating module according to a first embodiment example for
feeding thermal energy into the exhaust-gas section of an
exhaust-gas purification system connected to the outlet of an
internal combustion engine,

FIG. 2: shows a first front side view (side view from the
left) of the heating module of FIG. 1,

FIG. 3: shows an additional front side view (side view from
the right) of the side of the heating module of FIG. 1 which is
located opposite the side view of FIG. 2,

FIG. 4: shows a representation corresponding to that of
FIG. 1 with flow arrows included in the drawing, during the
operation of the heating module,

FIG. 5: shows a perspective elevation and inside view of a
heating module according to an additional embodiment
example for feeding thermal energy into the exhaust-gas sec-
tion of an exhaust-gas purification system connected to the
outlet of an internal combustion engine,

FIG. 6: shows a diagrammatic elevation and inside view of
the heating module of FIG. 5 with flow arrows included in the
drawing, during the operation of the heating module, and

FIG. 7a, 7b: show a cross-sectional representation of the
heating module of FIGS. 5 and 6 (FIG. 7a) as well as a detail
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of a longitudinal section of the mentioned heating module
(FIG. 7b) in the area of the arrangement of an exhaust-gas
flap.

DETAILED DESCRIPTION OF THE DRAWINGS

The heating module 1 of a first exemplary embodiment is
connected in an exhaust-gas section—not shown in further
detail—of an exhaust-gas purification system. The exhaust-
gas purification system is in turn connected to the outlet of an
internal combustion engine (not shown). In the depicted
embodiment, the internal combustion engine is a diesel
engine as. The exhaust-gas section in which the heating mod-
ule 1 is connected is marked with the reference numeral A.
Heating module 1 is located upstream in the direction of flow,
represented by block arrows in FIG. 1, of an exhaust-gas
purification unit, for example, a particle filter in the direction
of flow of the exhaust gas. Preferably, an oxidation catalytic
converter is positioned upstream of the particle filter.

The heating module 1 according to a first exemplary
embodiment of the invention comprises a main section 2 and
a secondary section 3. The main section 2 is a portion of the
exhaust-gas section A of the exhaust-gas purification system.
The exhaust gas discharged by the diesel engine flows
through the main section 2 of the heating module 1, when said
gas is not led through the secondary section 3. If the heating
module 1 is used for feeding thermal energy into the exhaust-
gas section A, at least a portion of the exhaust-gas flow is
directed through the secondary section 3. An exhaust-gas flap
5, which can be actuated by an actuator 4, is located in the
main section 2 for controlling the exhaust-gas flow through
the main section 2 and/or the secondary section 3. In FIG. 1,
the exhaust-gas flap 5 is shown in a position closing the main
section 2. Depending on the position of the exhaust-gas flap 5
within the main section 2, the entire exhaust-gas flow can be
directed through the main section 2 or through the secondary
section 3. Alternatively, a partial exhaust-gas flow can be
directed through the main section 2 and the complementary
partial flow can be directed through the secondary section 3.

The main section 2 of the heating module 1 includes an
overflow pipe section 6, 6.1 on the inlet and outlet sides of the
secondary section 3. The overflow pipe section 6, 6.1 of the
exemplary embodiment comprises a plurality of overflow
openings 7 extending through overflow pipe section 6, 6.1. In
the exemplary embodiment, overflow openings 7 have a cir-
cular cross-sectional geometry. In the depicted embodiment,
overflow openings 7 are distributed over the circumference of
overflow pipe section 6, 6.1 in a uniform grid. In the depicted
embodiment, overflow openings 7 are designed with equal
cross-sectional area. It should be understood that the arrange-
ment of the overflow openings 7, their cross-sectional geom-
etry and also their size are variable. It should also be under-
stood that, overflow openings 7 can be arranged differently
over the overtlow pipe section 6, 6.1, typically in the flow
direction of the exhaust gas. In the depicted embodiment, the
sum of the cross-sectional areas of the overflow openings 7 is
approximately 1.3 times as large as the cross-sectional area of
the main section 2, typically measured near overtlow pipe
section 6. In the depicted embodiment, overflow pipe section
6.1, located on the outlet-side of secondary section 3, is
designed identically to overflow pipe section 6. The design of
the outlet-side overflow pipe section 6.1, however, can also be
designed differently from the inlet-side overflow pipe section
6.

The overflow pipe section 6 is surrounded by an overflow
deflection chamber 8. In the depicted embodiment, overflow
deflection chamber 8 surrounds the circumference of over-
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flow pipe section 6, because, in the depicted embodiment,
overflow openings 7 are distributed circumferentially over
overflow pipe section 6. As a result, all the overflow openings
7 ofthe overflow pipe section 6 are located inside the overflow
deflection chamber 8. Due to this measure, exhaust gas can
flow out of the main section 2 into the secondary section 3
over the entire circumference of the overflow pipe section 6.
The overflow deflection chamber 8 consists of two metal
plates formed by deep drawing, namely deflection chamber
parts 9, 9.1. Each deflection chamber part 9 has a mounting
flange 10, 10.1 by means of which the two deflection chamber
parts 9 are connected together in a sealing manner by a bond-
ing technique. Overtlow pipe section 6.1 is surrounded in the
same manner by an overflow deflection chamber 8.1.

In parallel and at distance from the main section 2, between
the deflection chamber parts 9, 9.1 of the overflow deflection
chambers 8, 8.1 which are directed toward each other, a
secondary section portion 11 extends, which, in the depicted
embodiment, is designed as a pipe with a circular cross-
sectional geometry. An oxidation catalytic converter 12 is
located in secondary section portion 11. An electro thermal
heating element 13 is positioned upstream of oxidation cata-
Iytic converter 12 in the direction of flow. The required con-
nections for operating the heating element 13 are not repre-
sented in the figures for the sake of simplicity. An HC injector
14 is connected to deflection chamber part 9 of overtlow
deflection chamber 8. HC injector 14 is used for spraying in
fuel (here: diesel), in order to provide hydrocarbons for the
operation of the catalytic burner formed from the combina-
tion of HC injector 14 and oxidation catalytic converter 12.
HC injector 14 is connected in a manner not shown in further
detail to the fuel supply which also supplies the diesel engine.

The above-described shell design of the overflow deflec-
tion chambers 8, 8.1 makes it possible to form said chambers
from identical parts.

In the depicted embodiment, an opening is located in the
deflection chamber part 9 in order to connect HC injector 14.
Deflection chamber part 9.1 of the other overflow deflection
chambers 8 includes an opening for receiving a temperature
sensor connection (not shown). The opening in deflection
chamber part 9.1 is in alignment with the longitudinal axis of
the secondary section portion 11.

FIGS. 2 and 3 depict side views of heating module 1. These
figures show that flow cross-sectional area of overflow deflec-
tion chambers 8, 8.1 increase in size from main section 2 to
secondary section portion 11. This increase in cross-sectional
area produces, on the inlet side, a slowing of the exhaust-gas
flow through the secondary section 3. This is desirable to
avoid disrupting the spray cone formed by the HC injector 14
as it injects fuel with the inflowing exhaust-gas flow. The fuel
cone sprayed in by the HC injector 14 is designed to wet the
upstream front side of the heating element 13 with fuel. The
spray cone is angled such that wall sections of the secondary
section portion 11 located before the heating element 13 in the
direction of flow are wetted with fuel. As shown in FIGS. 1-3,
the cross-sectional area of the secondary section portion 11 is
again slightly smaller than the flow cross-sectional area
within the overflow deflection chambers 8 (the same applies
to the overtflow deflection chambers 8.1) in the area of the
horizontal crest of the secondary section portion 11 shown in
FIGS. 2 and 3. The consequence of the foregoing is that,
moving into the secondary section portion 11, the exhaust-gas
flow introduced into the secondary section 3 is accelerated,
which results in any spray-off of the HC injector 14 being
pulled into the secondary section portion 11 and led to the
electro thermal heating element 13, consequently avoiding
undesired deposits on the wall.
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In the side view of the heating module 1 of FIGS. 2 and 3,
the exhaust-gas flap 5 is pivoted 90 degrees with respect to the
representations of FIG. 1. In this position, the exhaust gas
applied to the heating module 1 flows in its entirety through
the main section 2. The reason for this is that the exhaust-gas
counter pressure opposing the exhaust-gas flow applied to the
heating module 1 through the secondary section 3 is slightly
greater than through the main section 2 and the components of
the exhaust-gas purification system 1 which are downstream
of the heating module 1.

Inthe depicted embodiment, the cross-sectional area of the
secondary section portion 11 is slightly more than twice as
large as the cross-sectional area of the main section 2. In order
to form a heating module 1 having as compact a construction
as possible, the cross-sectional areas of the inserts—heating
element 13 and oxidation catalytic converter 12—and espe-
cially the oxidation catalytic converter 12, must have a rela-
tively short length in the direction of flow of the exhaust gas.
It has been shown that, especially in the longitudinal length of
an exhaust-gas section, the installation space is often limited,
while in the transverse direction to said longitudinal length,
certain units can be accommodated. Due to the above-de-
scribed design, the heating module 1 satisfies this require-
ment to a particular degree.

The overflow deflection chamber 8.1 includes a tempera-
ture sensor 15, by means of which the, exhaust-gas tempera-
ture can be determined on the outlet side with respect to the
oxidation catalytic converter 12.

It is clear from the representation of FIGS. 1-3 that the
actuator 4 does not have to be located, as represented in the
figures, on the bottom side of the heating module 1; rather, the
actuator 4 can be located in one or the other direction rotated
about the longitudinal axis of the main section 2, depending
on the location of the required installation space in a given
application.

Below, the operation of the heating module 1 is briefly
described. The heating module 1 is operated by feeding ther-
mal energy into the exhaust-gas flow of the diesel engine, for
example, in order to trigger and optionally control a regen-
eration of a particle filter connected in the exhaust-gas puri-
fication system downstream of heating module 1. If the
exhaust gas discharged by the diesel engine has exceeded a
certain temperature, a portion of the exhaust-gas flow or the
entire exhaust-gas flow is led through the secondary section 3
during the actual operation of the heating module 1. This
serves the purpose of preheating oxidation catalytic converter
12, to the extent possible by the heat of the exhaust-gas flow,
and of bringing said converter to its operating temperature, if
the temperature of the exhaust gas is sufficiently high. If it is
impossible to bring the oxidation catalytic converter 12 to its
light-off temperature by this measure, the electro thermal
heating element 13 is additionally supplied with current, so
that the oxidation catalytic converter is heated via the
exhaust-gas flow heated by the heating element 13.

If the heating module 1 is the first portion of a two-step
catalytic burner arrangement, it is preferable to design the
oxidation catalytic converter 12 with a higher oxidation cata-
Iytic load than the oxidation catalytic converter positioned
downstream with respect to the former converter, in the main
section. Consequently, in such a design, the light-off tempera-
ture of this oxidation catalytic converter 12 is lower.

For the actual operation of the heating module 1, depend-
ing on the temperature rise to be achieved, either all the
exhaust gas supplied to the heating module 1, or only a
portion thereof, is led through the secondary section 3.
Accordingly, the exhaust-gas flap 5 in the main section is set
by means of the actuator 4. Here, it is understood that, when
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the exhaust-gas flap 5 in the main section is in its closed
position, the predominant portion of the exhaust-gas flow
flows through the secondary section 3. Conversely: If the
exhaust-gas flap is in its completely open position, as can be
seen in the side view of FIG. 2, the entire exhaust-gas flow
flows through the main section 2 of the heating module 1.
During the operation of the heating module 1, the exhaust gas
flowing through the secondary section 3 is heated due to the
operation of the catalytic burner connected therein, which is
formed in the represented embodiment example by the HC
injector 14, the heating element 13, and the oxidation cata-
Iytic converter 12. For this purpose, the electrical heating
element 13 is supplied with current, so that the fuel injected
through the HC injector 14 evaporates on said element. The
spray cone S of the HC injector 14 is indicated diagrammati-
cally in the drawing of FIG. 4. The fuel evaporated on the
heating element 13 is supplied to the catalytic surface of the
oxidation catalytic converter 12 and it triggers the desired
exothermic reaction. The exhaust-gas flow heated in this
manner by the secondary section 3 is returned via the over-
flow deflection chamber 8.1 into the main section 2, wherein
aparticularly effective mixing occurs over a short distance, as
this hot exhaust-gas flow passes through the overflow open-
ings 7 into the clearly cooler partial exhaust-gas flow flowing
through the main section 2.

It is understood that, through the HC injector 14, fuel is
injected into the secondary section 3 only when the oxidation
catalytic converter 12 is at a temperature above its light-off
temperature.

FIG. 5 shows an additional heating module 1.1 according
to an additional embodiment of the invention. In principle, the
heating module 1.1 is constructed like the heating module 1 of
FIGS. 1-4. Therefore, the explanations pertaining to the heat-
ing module 1 also apply to the heating module 1.1, unless
otherwise explained below.

In the heating module 1.1, the secondary section portion
11.1, with the oxidation catalytic converter 12.1 and the heat-
ing element 13.1 which is positioned upstream of said con-
verter, is located within the main section 2.1. In this design
and in the depicted embodiment of heating module 1.1, the
main section 2.1 and the secondary section 3.1 are in a con-
centric arrangement with respect to each other. The exhaust-
gas section A opens, in the depicted embodiment, radially
into the main section 2.1. The main section 2.1, owing to the
concentric arrangement, is limited in the radial direction on
the inside by the secondary section 3.1. In the area of the inlet
of the heating module 1.1, an overflow pipe section 6.2 is
positioned upstream of the secondary section portion 11.1.
The overflow pipe section 6.2 is also formed like the overflow
pipe section 6, 6.1 of the first embodiment depicted in FIGS.
1-4. Therefore, the explanations of overflow pipe section 6,
6.1 also apply to the overflow pipe section 6.2 of the heating
module 1.1. The overflow openings 7.1 are introduced cir-
cumferentially into the overflow pipe section 6.2, and, in the
depicted embodiment, they have a circular cross-sectional
geometry. Thus, the overflow pipe section 6.2 or its overflow
openings 7.1 form(s) the inlet and thus the flow connection
between the main section 2.1 and the secondary section 3.1.
In contrast to heating module 1, in heating module 1.1, the
exhaust-gas flow which is to be led through the secondary
section 3.1, exits in the radial direction on the inside, and thus
from the inner jacket surface of the main section 2.1 and into
the secondary section 3.1. The injection nozzle of an HC
injector 14.1 is located in an axial arrangement with respectto
the secondary section 3.1, like the HC injector 14 of the
heating module 1. The inlet opening for the inflow of the
exhaust gas into the main section can alternatively be
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designed to be tangential or axial relative to the main flow
direction of the exhaust gas through the heating module 1.1.
In an axially arranged inlet opening, this opening can be
designed in the form of a ring, if desired.

The electrical connections for heating element 13.1 are not
shown in heating module 1.1, for simplicity’s sake.

Main section 2.1 surrounds secondary section 3.1 and thus
forms a ring chamber. Into this ring chamber, a helix 16 is
inserted as a guide element by means of which the exhaust-
gas flow flowing in the radial direction into the main section
2.1 is given a rotatory movement component. Therefore,
owing to this design, the exhaust-gas flow flowing through the
main section 2.1 is given a rotatory movement. Due to the
helix 16, which extends over the entire height of the ring
chamber, at the same time, a flow channel extending in the
form of a helix is formed around secondary section 3.1. In the
depicted embodiment, an exhaust-gas flap 5.1 is placed in this
channel. Exhaust-gas flap 5.1 is controlled by an actuator 4.1,
as in the embodiment depicted in FIGS. 1-4. Exhaust-gas flap
5.1 can be swiveled about a rotation axis that extends radially
with respect to the longitudinal axis of the secondary section
3.1. In FIG. 5, exhaust-gas flap 5.1 is shown in its open
position. Due to the formation of the flow channel by the helix
16, the exhaust-gas flow led through the main section 2.1 is
led around the jacket surface of the secondary section 3.1.
This longer flow path has the advantage that, depending on
the operation state, the inflowing exhaust gas heats the oxi-
dation catalytic converter 12.1 located in the secondary sec-
tion 3.1, and therefore the oxidation catalytic converter 12.1 is
typically at least approximately at the temperature of the
exhaust gas. Therefore, in the depicted embodiment, it is not
necessary to lead the exhaust-gas flow or a portion thereof
through the secondary section 3.1 in order to preheat the
oxidation catalytic converter 12.1 before the operation of the
catalytic burner. If the catalytic burner is in operation, the heat
released by the secondary section portion 11.1 is not trans-
ferred to the environment but to the partial exhaust-gas flow
flowing through the main section 2.1. It is understood that, for
the purpose of heating the oxidation catalytic converter 12.1,
on the one hand, and the partial exhaust-gas flow flowing
through the main section 2.1, on the other hand, the longer
flow distance of the main section, due to the flow chamber
formed by the helix 16, ensures a particularly effective heat
transfer.

FIG. 6 depicts operation of heating module 1.1, which in
principle, corresponds to FIG. 4 showing heating module 1.
In this figure, flow arrows are recorded in a diagrammatic
elevation and inside view. The exhaust-gas flow flowing
through the overflow openings 7.1 of the overflow pipe sec-
tion 6.2 into the secondary section 3.1 is identified by the
arrows framed by a broken line because the exhaust-gas flow
in this regard is located within the secondary section 3.1.
Exhaust-gas flap 5.1 is located in the main section 2.1 in a
position rotated by 90 degrees with respect to FIG. 5 for the
purpose of increasing the exhaust-gas counter pressure. In
this position, exhaust-gas flap 5.1 does not close the flow
channel completely, as explained below in reference to FIGS.
7a, 7b, so that a smaller partial exhaust-gas flow flows
through the main section 2.1. The rotation of this partial
exhaust-gas flow around the secondary section 3.1 is repre-
sented diagrammatically by arrows.

FIG. 7a is a cross-sectional longitudinal view through heat-
ing module 1.1 shortly before the exhaust-gas flap 5.1 show-
ing the geometry of the exhaust-gas flap 5.1 in its open posi-
tion (see also FIG. 5). The rotatory flow of the exhaust-gas
flow through main section 2.1 is indicated by block arrows.
One can also easily see the concentric arrangement of sec-
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ondary section portion 11.1, with oxidation catalytic con-
verter 12.1 arranged in the sectional plane with respect to
main section 2.1. Exhaust-gas flap 5.1 in the radial direction
toward the outside comprises a curved closure 18 which is
adapted to the curvature of the housing surrounding the main
section 2.1. If exhaust-gas flap 5.1 is in its closed position, as
shown in FIG. 7b, main section 2.1 is not completely closed
by the exhaust flap 4.1, owing to the closure 18, so that, in this
position, a certain partial exhaust-gas flow flows through the
main section 2.1 past the exhaust-gas flap 5.1.

A perforated metal plate (not shown) is located at the outlet
of the secondary section 3.1. Both main section 2.1 and sec-
ondary section 3.1 open into a mixing chamber 17 which
narrows conically. Into the latter chamber, the partial exhaust-
gas flow led through main section 2.1 flows in the form of a
rotating ring-shaped flow, which surrounds the exhaust-gas
flow leading into the mixing chamber 17 as it flows into the
secondary section 3.1. The constriction formed by the nar-
rowing of mixing chamber 17 and the swirling of the partial
exhaust-gas flow leading into said mixing chamber through
main section 2.1 produce a particularly effective mixing of
the two partial exhaust-gas flows over a very short distance.
When the two partial exhaust-gas flows are merged, the par-
tial exhaust-gas flow flowing out of secondary section 3.1 can
also enter mixing chamber 17, in the form of a concentric
ring-shaped flow with respect to the partial exhaust-gas flow
exiting the main section 2 through an appropriate aperture 1.
In such an arrangement, one or more additional guide ele-
ments are provided so the partial exhaust-gas flow exiting the
secondary section 3.1 in the form of a swirling flow can also
lead into the mixing chamber 17, wherein, for the purpose of
an intensive mixing, the swirling of the partial exhaust-gas
flow flowing out of the secondary section 3.1 is oriented in a
direction opposite the swirling of the partial exhaust-gas flow
flowing through the main section 2.1. It is also possible that
the partial exhaust-gas flows comprise, as a result of corre-
sponding guide elements, radial flow components directed
against each other, at the time of the flow into the mixing
chamber 17.

In FIG. 6, the spray cone S of HC injector 14.1 is also
shown diagrammatically. Radial inflow of the exhaust gas
from main section 2.1 through overflow opening 7.1 into
secondary section 3.1 effectively prevents spray-oft deposits
of'the HC injector 14.1 on the inner side of the overflow pipe
section 6.2 and the secondary section portion 11.1 abutting
the former section.

The design on which the heating module 1.1 is based
ensures not only a temperature efficient design of the heating
module but also a special space-saving design.

In the embodiment depicted in FIGS. 5 and 6, the mixing
chamber 17 connected to the outlets of the two sections 2.1,
3.1 narrows conically in the main flow direction of the
exhaust gas. Such a narrowing is not required. Rather, the
mixing chamber can also be designed cylindrically, and to
this cylindrical section it is possible to connect, after a short
flow distance, the exhaust-gas purification unit to which the
heat generated by the heating module 1.1 is to be supplied.

The invention is described in reference to embodiment
examples. Without going beyond the scope of the valid
claims, the person skilled in the art will be able to derive
numerous additional designs embodying the invention, which
do not need to be explained in detail in the context of this
description. Nonetheless, these designs are also part of the
disclosure content of these explanations.

LIST OF REFERENCE NUMERALS

1, 1.1 Heating module
2, 2.1 Main section
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3, 3.1 Secondary section

4, 4.1 Actuator

5, 5.1 Exhaust-gas flap

6, 6.1, 6.2 Overflow pipe section
7,7.1 Overflow opening

8, 8.1 Overflow deflection chamber
9, 9.1 Deflection chamber part

10, 10.1 Mounting flange

11, 11.1 Secondary section portion
12, 12.1 Oxidation catalytic converter
13, 13.1 Heating element

14, 14.1 HC injector

15 Temperature sensor

16 Helix

17 Mixing chamber

18 Closure

A Exhaust-gas section

S Spray cone

The invention claimed is:

1. A heating module for an exhaust-gas purification system
connected to the outlet of an internal combustion engine,
comprising:

a catalytic burner, comprising an HC injector, an oxidation
catalytic converter positioned downstream of the HC
injector in a direction of flow of the exhaust gas, for
supplying thermal energy to an exhaust-gas purification
unit of an exhaust-gas purification system;

a heating module comprising a main section, a secondary
section containing the catalytic burner and a device for
controlling the exhaust-gas mass flow flowing through
the secondary section; wherein

the main section, in an inlet area of the heating module,
comprises an overflow pipe section further comprising
overflow openings, through which overflow openings a
flow connection is established between the main section
and the secondary section, and

wherein the sum of the cross-sectional areas of the over-
flow openings of the overflow pipe section is greater than
a cross-sectional area of the main section in the overflow
pipe section.

2. The heating module according to claim 1, wherein the
overflow openings are arranged in an even distribution over a
circumference of the overtlow pipe section.

3. The heating module according to claim 1, wherein a sum
of the cross-sectional areas of the overflow openings of the
overflow pipe section is 1.2-1.5, in particular 1.3 times greater
than the cross-sectional area of the main section in the over-
flow pipe section.

4. The heating module according to claim 1, wherein the
main section and the secondary section are arranged concen-
trically with respect to each other.

5. The heating module according to claim 4, wherein the
main section and the secondary section open in an axial
direction into a mixing chamber.

6. The heating module according to claim 5, wherein the
mixing chamber narrows in the main direction of flow of the
exhaust gas.

7. The heating module according to claim 5, wherein the
secondary section opens, with insertion of a perforated metal
plate, into the mixing chamber.

8. The heating module according to claim 5, wherein:

the secondary section, with the insertion of an aperture,
opens into the mixing chamber; and wherein

the aperture opening has a ring structure.

9. The heating module according to claim 5, wherein:

the secondary section, which is positioned downstream of
the catalytic burner, has at least one guide element which
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has an influence on the exhaust-gas flow flowing through
the secondary section; and wherein

due to said guide element, the exhaust-gas flow flowing
from the secondary section into the mixing chamber
receives a rotatory movement component.

10. The heating module according to claim 4, wherein

at least one metal plate is inserted in the main section;
wherein

said metal plate is in the shape of a helix in at least some
sections; and wherein

through which metal plate the exhaust-gas flow flowing
through the main section receives a rotatory movement
component.

11. The heating module according to claim 1, wherein the
secondary section, on the outlet side, is in a fluid connection
with the main section via a second overflow pipe section
comprising overflow openings.

12. The heating module according to claim 1, wherein an
atomization nozzle of the HC injector is aligned with the
longitudinal axis of the secondary section portion containing
the oxidation catalytic converter.

13. The heating module according to claim 1, wherein:

the secondary section includes an electrothermal heating
element; and

the electrothermal heating element is located downstream
of the HC injector and upstream of the oxidation cata-
Iytic converter in the direction of flow of the exhaust gas.

14. The heating module according to claim 1, wherein the
device for controlling the exhaust-gas mass flow flowing
through the secondary section is located in the main section of
the heating module.

15. A heating module for an exhaust-gas purification sys-
tem connected to the outlet of an internal combustion engine,
comprising:

a catalytic burner, comprising an HC injector, an oxidation
catalytic converter positioned downstream of the HC
injector in a direction of flow of the exhaust gas, for
supplying thermal energy to an exhaust-gas purification
unit of an exhaust-gas purification system;

a heating module comprising a main section, a secondary
section containing the catalytic burner and a device for
controlling the exhaust-gas mass flow flowing through
the secondary section; wherein

the main section, in an inlet area of the heating module,
comprises an overflow pipe section further comprising
overflow openings, through which overflow openings a
flow connection is established between the main section
and the secondary section;

wherein:

the overflow sections are each surrounded by one overflow
deflection chamber extending in the radial direction
away from the main section; and wherein
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the secondary section portion with the oxidation catalytic
converter is located between the overflow deflection
chambers; and wherein

the secondary section portion is parallel to the main section

of the heating module.

16. A heating module for an exhaust-gas purification sys-
tem connected to the outlet of an internal combustion engine,
comprising:

a catalytic burner comprising an HC injector and an oxi-

dation catalytic converter positioned downstream of the
HC injector in the direction of flow of the exhaust gas,
for supplying thermal energy to an exhaust-gas purifi-
cation unit of the exhaust-gas purification system;
wherein

the heating module comprises a main section, a secondary

section containing the catalytic burner and a device for
controlling the exhaust-gas mass flow flowing through
the secondary section; wherein

the secondary section having an inlet side and outlet side;

a deflection chamber on each of the inlet side and outlet

side;

said deflection chambers extending, in a radial direction,

away from the main section; wherein

the secondary section portion with the oxidation catalytic

converter is located between said deflection chambers
parallel to the main section of the heating module; and
the cross-sectional area of the inlet-side deflection cham-
ber broadens in the direction of flow of the exhaust gas;
the cross-sectional area of the outlet-side deflection cham-
ber narrows in the direction of flow of the exhaust gas;
said deflection chambers have a larger cross-sectional area
than said secondary section portion; and
the secondary section portion with the oxidation catalytic
converter is located between the sections of the deflec-
tion chambers.

17. The heating module according to claim 16, wherein the
cross-sectional area of the secondary section portion with the
oxidation catalytic converter, which extends between the
deflection chambers, is more than twice as large as the cross-
sectional area in the main section.

18. The heating module according to claim 16, wherein the
deflection chambers each consist of two mutually connected
metal plate formed parts.

19. The heating module according to claim 18, wherein the
deflection chambers comprise identical parts, at least par-
tially in regard to the deflection chamber parts forming said
chambers, at least in a pre-manufacturing stage.

20. The heating module according to claim 18, wherein the
deflection chamber part located on the outside of the input-
side deflection chamber comprises an HC injector opening
with a neck crimped outward, for connection of the HC injec-
tor.



